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Effect of causal structure
on category construction

WOO-KYOUNG AHN
Yale University, New Haven, Connecticut

In four experiments, the question of how the causal structure of features affects the creation of new
categories was examined. Features of exemplars to be sorted were related in a single causal chain
(causal chain), were caused by the same factor (common cause), or caused the same effect (common
effect). The results showed that people are more likely to rely on common-cause or common-effect
background knowledge than on causal-chain background knowledge in category construction. Such
preferences suggest that the common-cause or the common-effect structures are considered more nat-

ural conceptual structures.

Studies on concept formation have mainly focused on
the learning of categories that are preconstructed, either
by society or by the experimental situation. A child, for
example, might learn concepts of dogs and of cats when
his or her mother (or father) points to them and labels
them. People also learn concepts by creating categories
of their own. For example, after several semesters of teach-
ing at a college, a professor might create his or her own
idiosyncratic categories of undergraduate students (e.g.,
those who constantly put effort into the course vs. those
who work only when they like the subject matter). In cre-
ating new categories, people usually bring in their back-
ground knowledge. The professor in the above example
might believe that the more effort students put into a
course, the higher their grades tend to be. The present study
examines how such causal background knowledge affects
the construction of new categories. The following section
briefly reviews previous studies on category construction.

Unidimensional Sorting Bias

The general consensus is that existing natural categories
do not have defining features that are singly necessary
and jointly sufficient. Rather, exemplars in the same cat-
egory are generally similar to each other, and exemplars
in different categories are dissimilar to each other—the
so-called family resemblance (FR) principle (Rosch &
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Mervis, 1975; E. E. Smith & Medin, 1981). However,
when participants are asked to create new categories from
given exemplars, they show a strong bias toward sorting
exemplars on the basis of a single dimension and creating
categories with defining features (unidimensional, or 1-D,
sorting, henceforth), rather than creating categories with
FR structure (FR sorting, henceforth; Ahn, 1990b; Ahn &
Medin, 1992; Imai & Garner, 1965; Medin, Wattenmaker,
& Hampson, 1987; Regehr & Brooks, 1995).

For instance, participants in Medin et al. (1987) received
10 exemplars, abstractly described in Figure 1. The 10 ex-
emplars (e.g., E1, E2, etc.) consisted of four dimensions
(D1, D2, D3, and D4), each with two values (e.g., 0 and 2
for D1). For example, D1 might be a color dimension, and
0 on D1 might stand for yellow.! These exemplars were de-
veloped by first starting out with two prototypes (E1 and
E6) and by generating four distortions of each prototype
(E2 through ES from E1, and E7 through E10 from E6) by
crossing a value from the contrast category.

In Medin et al.’s (1987) experiments, participants were
asked to create two categories with these 10 objects. Ac-
cording to Rosch and Mervis’ (1975) FR measure, people
given this set of exemplars should create categories by
grouping E1 through ES together and E6 through E10 to-
gether. However, no participant in this study created an
FR structure. Rather, they selected a single most salient
dimension (e.g., D1) and grouped all exemplars with the
same value on the dimension in the same category (e.g.,
El, E2, E3, E4, and E10 in one category and ES, E6, E7,
E8, and E9 in the other category).

The robustness of the 1-D sorting bias has been demon-
strated under many instructional variations and across
many different types of instantiations of the stimulus. Ahn
and Medin (1992) used the exemplar structure shown in
Figure 2, but again failed to elicit FR sorting. L.B. Smith
(1981) predicted that increasing the number of dimensions
would encourage participants’ to pay more attention to
overall similarity, but no such evidence was found, even
with eight dimensions (Ahn, 1990a; Regehr & Brooks,
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D1 D2 D3 D4
E6 2 2 2 2
E7 2 2 2 0
E8 2 2 0 2
E9 2 0 2 2
E10 0 2 2 2

Figure 1. Exemplar structure used in Medin, Wattenmaker, and Hampson (1987) and in Exper-
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D1 D2 D3 D4

El 0 0 0 0
E2 0 0 0 2
E3 0 0 2 0
E4 0 2 ‘ 0 0
ES 2 0 0 0
iment 3.

1995). In another attempt to produce FR sorting, Regehr
and Brooks used “holistic blobs,” where the features were
portions of the total shape rather than clearly demarcated
features, such as size and pattern. Still, few participants
produced FR sorting. After failing to obtain FR sorting
with numerous variations on type of dimension, they
finally obtained FR categories by using a “match-to-
standards” procedure in which participants received two
prototypes serving as standards and a stack of cards to be
matched to these standards. But when the same partici-
pants were told to sort all of the cards again without using
this procedure, they reverted to 1-D sorting.

Sorting in Knowledge-Rich Domains

The studies cited above used stimulus materials where
participants had no knowledge about how features were
related. However, real-world concepts have complex inter-
property relationships (see, e.g., Carey, 1985; Keil, 1989;
Murphy & Medin, 1985). For example, birds can fly be-
cause they have wings, cars can move because they have
an engine and wheels, and so forth. Recently, there has
been a surge of studies demonstrating the effect of back-
ground knowledge on categorization (e.g., Keil, 1989;
Medin & Shoben, 1988; Murphy & Allopenna, 1994;
Nakamura, 1985; Pazzani, 1991; Spalding & Murphy,
1996; Wattenmaker, 1995). However, few studies have

DI D2 D3 D4
EL 0 0 0 0
E2 0 0 0 1
E3 0 0 2 0
E4A 0 1 0 0
ES 2 -0 0 0

articulated in detail the nature and role of domain theo-
ries. In general, it is suggested that theories include causal-
ity as a central and primitive (although not exclusive)
component (Carey, 1985; Gelman & Kalish, 1993; Well-
man, 1990). The goal of the present paper is to investi-
gate how different types of causal structure in back-
ground knowledge affect category construction, rather
than to merely demonstrate the effect of background
knowledge in general.

Given any two features, there is one possible causal
structure, in which one feature causes another.2 Given
three features, there can be three types of causal structure:
common-cause structures (A causes B, A causes C; e.g.,
different symptoms present in a patient are caused by the
same virus), common-effect structures (A causes B, C
causes B; e.g., different personality traits of a person elicit
the same response from the observer), and causal-chain
structures (A causes B, which causes C; e.g., a bird has
wings, which allows it to fly, which allows it to build a nest
in a tree). The present study directly compares the effects
of these three types of causal structure on category con-
struction. The aim is to go beyond a mere demonstration
of the background knowledge effect and to closely ex-
amine differential effects of background knowledge as a
function of causal connectivity among features. If people
spontaneously rely on one type of causal structure more

D1 D2 D3 D4
E6 2 2 2 2
E7 2 2 2 0
E8 2 2 1 2
E9 2 0 2 2
E10 1 2 2 2

Figure 2. Exemplar structure used in Ahn and Medin (1992) and Experiments 1 and 2.



than on others in creating new categories, such findings
can also suggest what kind of causal structure in con-
cepts people consider to be more natural. The following
sections review previous studies in relation to these three
causal structures.

Effect of common-cause and common-effect knowl-
edge. Medin et al. (1987) examined category construc-
tion when participants had background knowledge about
how surface dimensions are connected to a theme. The
exemplar structure was the same as that in Figure 1. This
time, the dimensions were personality traits that were in-
stantiations of introvertness or extrovertness. For exam-
ple, consider the following descriptions of five people
taken from this study:

Carrie: outgoing, energetic, entertaining, bold;
Susan: outgoing, energetic, entertaining, daydreamer;
Olivia: outgoing, energetic, inhibited, bold;

Felicity: outgoing, self-conscious, entertaining, bold;
Wendy: sad, energetic, entertaining, bold.

Although there is no single feature that all five people
share, the participants in Medin et al.’s experiment over-
came the 1-D sorting bias and grouped these five people
into one category because they tend to be extroverted.
Since there is no defining feature at the surface level, the
participants were considered to have created FR cate-
gories. One can think of extrovertness as a common cause
for the surface features and consider this study as evidence
showing the effect of common-cause structure on FR
sorting.

Although Medin et al.’s (1987) study is one of the pi-
oneering demonstrations of the background knowledge
effect, the exact underlying mechanism is unclear, for a
number of reasons. One such reason is that this study did
not use strict dimensional distinctions. For example, one
dimension had outgoing and sad as its values, and another
dimension had energetic and self-conscious as its values.
However, outgoing and self-conscious can be two differ-
ent values for a single dimension as well. As a result, it
is not clear whether the background knowledge effect in
Medin et al. was derived from this unclear distinction be-
tween dimensions or from an actual knowledge of com-
mon cause. A related point is that the study relied on peo-
ple’s existing background knowledge. Although there is
merit to such demonstrations, it is not clear whether the
effect was due to the presence of background knowledge
per se or to the particular set of features used. In addition,
if the effect was due to the background knowledge, it is not
clear exactly what aspect of the background knowledge
led to the effect.

Ahn (1990a, 1991) used experimentally provided back-
ground knowledge and showed that FR sorting can be
obtained from the set used in Figure 1, when the features
share the same underlying theme. The stimuli used in
these studies can be thought of as examples of common-
cause and common-effect structures. As an example of a
common-effect structure, the participants heard that
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flowers with certain values on four dimensions were
known to attract Trooder bees and that flowers with cer-
tain other values were known to attract Champin birds.
As an example of a common-cause structure, the partici-
pants heard that an external virus tended to cause certain
types of symptoms along four dimensions, whereas ge-
netic components tended to cause other types of symp-
toms. In both cases, knowing this background informa-
tion led to more FR sorting, as compared with the
control group, who did not have this background knowl-
edge. However, a direct comparison between the com-
mon-cause and the common-effect structures is not fea-
sible from Ahn’s studies, because different stimulus
materials were used for the two structures.

Effect of causal-chain knowledge. Spalding and
Murphy (1996) suggested another type of background
knowledge that might elicit FR sorting. They pointed out
that ““all of the features [in Ahn (1990a, 1991)] are linked
only to the theme but are not linked to each other. . . . This
seems very unlike features of natural categories. Con-
sider some features of birds, like ‘wings’ and ‘flies.” It
seems that there is a direct relation between these features
in which the presence of ‘wings’ helps to support or allow
‘flies”(p. 527). They claim to have demonstrated that FR
sorting increased when the background knowledge re-
vealed direct links among the features, thereby allowing
features to be integrated. For example, a car’s features
that can be easily integrated (e.g., made in Norway, heav-
ily insulated, white, drives on glaciers, and has treads) led
to more FR sorting than those that are difficult to integrate
(e.g., green, manual transmission, radial tires, air bags,
and vinyl seat covers), even when the formal structure of
the features was identical for the two conditions. At this
point, however, it is not yet clear whether these results are
solely due to the effect of a causal-chain structure. When
Spalding and Murphy used the term direct relations among
features, they may have meant multiple connections, rather
than a single chain. For instance, one might have thought
that, because a car is made in Norway, it is built to be dri-
vable on glaciers and that a car can be driven on glaciers
because it is heavily insulated and has treads. In this case,
the structure seems to be a mixture of a common-effect
and a causal-chain structure, rather than a single causal
chain. Hence, it seems safe to conclude that no one has yet
exclusively tested the effect of causal-chain structures on
category construction.

Overview of Experiments

The purpose of the present study is to simultaneously
compare three causal structures: common cause, common
effect, and causal chain. In all the experiments reported
here, participants received a set of 10 exemplars and were
asked to create two categories of any size. Within each
experiment, the exemplars to be sorted were identical
across experimental conditions. Experimental conditions
only differed in the instructions on how the features were
causally related. Figure 3 shows schematic representations
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Figure 3. Schematic representations of common-cause, common-effect, and causal-chain structures for exem-

plar structures in Figures 1 and 2.

of the three causal structures. In the common-cause con-
dition, the four values of one prototype (0s in Figures 1
and 2) are described as being caused by the same factor
(say, X), and the four values of the other prototype (2s in
Figures 1 and 2) are described as being caused by another
factor (say, Y). In the common-effect condition, the four
values of one prototype are described as causing the same
factor (X), and the four values of the other prototype are
described as causing another factor (Y). In the causal-
chain condition, each set of four prototype values form a
single causal chain. Finally, all the experiments employed
a control condition in which no background knowledge
about interproperty relations was provided.

Note that all three background knowledge conditions
highlight prototype values of FR categories, by indicating
how Os (or 2s) go together. Even though the background
knowledge instructions opted for the prototypes across
all three conditions, it was predicted that not all back-
ground knowledge would facilitate FR sorting. More
specifically, the prediction was that people would be more
likely to create FR categories from the common-cause and
the common-effect conditions than from the causal-chain
condition.

These predictions were derived from the previous
sorting studies in both knowledge-poor and knowledge-
rich domains. As was noted, 1-D sorting was predomi-
nant in knowledge-poor domains without any theme
provided, whereas FR sorting was significantly 'in-
creased in knowledge-rich domains with a theme of
common cause or common effect. This pattern of results
seems to stem from people’s tendency to create cate-
gories with defining features. Without background
knowledge, a defining dimension would be one of the
most salient surface features. With background knowl-
edge, either a common cause or a common effect can
serve as a defining dimension, while the surface features
serve as diagnostic cues for the presence of common-
cause or common-effect factors.? The preference for cat-
egories with defining features was powerfully demon-
strated by Brooks and Wood (1997). In this study, even
after directly experiencing members of FR categories to
the degree that they could be correctly used as a basis for
prediction, almost all the participants still insisted that
there must have been a feature that was true of all mem-

bers of the same category. This demonstration is consis-
tent with the experience that any instructor covering the
FR view runs into when students simply refuse to believe
the claim that most natural categories do not have defin-
ing features (Brooks & Wood, 1997). Such conviction
with regard to defining features is also consistent with
psychological essentialism (Medin & Ortony, 1989), the
claim that people have a strong belief that categories do
have essences, even if they do not know what they are. In-
deed, many researchers accounted for the learning of FR
structure in terms of rule-plus-exception strategies that
seem to reflect a compromise between people’s belief in
defining features and the lack of such defining features
in natural categories (e.g., Ahn & Medin, 1992; Martin
& Caramazza, 1980; Nosofsky, Palmeri, & McKinley,
1994; Ward & Scott, 1987).

If people believe that categories must have defining
features and, for that reason, prefer to create categories
with defining features, the common-cause and the
common-effect structures are particularly compatible
with FR structures, as compared with the causal-chain
or no-background-knowledge situations. To begin with,
common cause and common effect each seems to be a di-
mension that would be favored as a defining dimension,
because they unify the surface dimensions, providing a
coherent way of explaining all the surface features. In
addition, common-cause and common-effect structures
seem prevalent in natural categories. For instance, natural
kinds seem to have common-cause structures where an
essence (e.g., DNA structure) causes various surface fea-
tures. Artifacts can be thought of as having common-
effect structures in which various parts allow a common
function. Once the common-cause or the common-effect
is selected as a defining dimension, then for each exem-
plar, people would attempt to infer which common cause
(or effect) is present, given the surface features (e.g.,
would 0002 have been caused by X or Y?). In doing so,
one can examine which prototype values (0s or 2s in Fig-
ures 1 and 2) constitute the majority in the exemplar.
Note that this strategy is essentially the FR principle.

In contrast, the causal-chain structure poses more dif-
ficulty in terms of FR sorting. Unlike common-cause
and common-effect structures, causal-chain structures
do not seem to be immediately salient structures in real-
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Figure 4. Exemplars used in Experiment 1.

world objects. Creating FR categories means being able
to tolerate nonprototype features, such as 1 in 0100.
Given the background knowledge of 0—0—0—0, for in-
stance, the presence of 1 in D2 leaves two causal relations
unexplained: Why did not 0 in D1 lead to 0 in D2, and
how did 0 in D3 occur without 0 in D2? In a causal chain
with a single path, it is difficult to find alternative expla-
nations for the presence of nonprototype features.* In the
case of common-cause and common-effect structures,
however, the nonprototype features are more acceptable,
because the surface features are independently connected
to the common factor and the presence of a nonprototype
feature can be compensated for by the presence of other
prototype features.

Four experiments test these predictions. Experiments
1, 2, and 3 compare these three background knowledge
conditions and the control condition by using both artifi-
cial stimuli (Experiment 1) and more natural stimuli (Ex-
periments 2 and 3). Experiment 4 provides a stronger test
for the effect of the causal-chain structure.

.

EXPERIMENT 1

In Experiment 1, the stimulus materials were made to be
as artificial as possible, so that no participant would have

a priori knowledge about the interproperty relations. The
exemplar structure was the set in Figure 2, which failed
to produce FR sorting without background knowledge
(Ahn & Medin, 1992). It was predicted that the amount
of FR sorting would be larger in the common-effect and
the common-cause conditions than in the causal-chain and
the no-background-knowledge conditions.

Method

Participants. The participants were 134 undergraduate students
at the University of Louisville, participating in this experiment in
partial fulfillment of introduction to psychology course require-
ments. All the participants were randomly assigned to one of the
experimental conditions.

Materials and Design. The stimulus materials described rocks
with varying mineral compositions. Each rock varied on the di-
mensions of the fictitious minerals nopamine, deroline, quatasine,
and zovabine. Instead of using levels such as high, medium, and
low, the values of each dimension were made nominal by using let-
ters of the alphabet, in order to avoid any possible confound owing
to the dimensional extremity. For example, nopamine varied by hav-
ing levels N, P, or M. The abstract exemplar structure is provided in
Figure 2. Figure 4 shows the ten exemplars used in Experiment 1.

The common-cause condition pertained to whether the rock was
formed through the forces of an earthquake or a volcano. The par-
ticipants in this condition were told, “Geologists have found that
the mineral composition of rocks is formed by a volcano or an
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Table 1
Results of Experiment 1: Amount of Family Resemblance
(FR), Unidimensional (1-D), and Other Types of
Sorting From Each Condition

Type of Sorting
Type of FR 1-D Other
Background Knowledge N % N % N %

Common cause 23 74.2 7 226 1 32
[5,1,0,0]

Common effect 14 48.3 10 345 5 17.2
[9,0,1,0]

Causal chain usually 8 242 15 455 10 30.3
[11,1,2,1]

Causal chain else 5 21.7 8 348 10 435
‘ [5,1,1,1]

Control 3 15.0 14 700 3 15.0
[9,2,2,1]

Note—Numbers in brackets indicate the number of participants who se-
lected D1, D2, D3, or D4, respectively, as a basis of théir 1-D sorting.

earthquake. As you can see in the table under ‘Volcano,” the rocks
formed by a volcano tend to have levels N, D, Q, and Z. When rocks
were formed by an earthquake, as shown under ‘Earthquake’ in the
table, the levels tend to be M, L, S, and B.” Then the participants re-
ceived a table summarizing this information. In order to make it
clear that the above background knowledge does not necessarily
imply a certain correlational structure, the participants received the
following instructions:

Geologists, however, do not know whether the mineral composition, as
described above, was determined all at once. All we know is that each
level of mineral is caused by a volcano or an earthquake as described
above. We do not yet know whether a volcano or an earthquake deter-
mined the levels of all 4 types of minerals at the same time. For example,
ifrock has N, D, Q, and Z, then it is possible that a series of 4 volcanoes
could have each led to the formation of each type of minerals in the
rocks. It is also possible that one volcano determined all four levels in
the rock all at once. However, we do not yet know whether this is the
case at this stage of scientific knowledge.

The common-effect condition explained that minerals in the
rocks have healing power for indigestion or headaches. Specifically,
the participants were told: “A group of physicians have found that
the mineral composition of rocks has some healing power. . . . As
you can see in the table under ‘Indigestion,” possessing rocks with
levels N, D, Q, and Z tends to help digestion. As shown in the table
under ‘Headache,’” possessing rocks with levels M, L, S, and, B
tends to cure headaches.” Then the participants received a table
summarizing this information. As in the common-cause condition,
the participants in the common-effect condition were explicitly told
that there is no known information about the correlation or compe-
tition among the features, as follows:

All we know is that each level of mineral tends to cure indigestion or
headaches as described above. For example, it is possible that N, D, Q,
and Z work together to cure indigestion. It is also possible that N alone
cures indigestion no matter what other levels are. However, we do not
yet know whether this is the case at this stage of scientific knowledge.

There were two causal-chain conditions, depending on the spe-
cific instructions they received. In both causal-chain conditions,
they were told that the 0 value in D1 in Figure 2 causes the 0 value
in D2, which causes the 0 value in D3, which causes the 0 value in
D4 (i.e., 050—0—0). They received similar causal instructions for
value 2 (i.e., 252—52—2). Givén these causal instructions, it is
quite possible that the participants might assume that the causal re-
lationship is deterministic and/or the specified causes and effects
are the only possible causes and effects for given features. This in-

terpretation would certainly prevent the participants from creating
FR structure, by not allowing, for example, 0—0—1-—0 as a mem-
ber of a category where 0 values serves as characteristic values. In
order to provide the optimal situation for creating FR structure,
which is a stronger test of the prediction, two types of instructions
were further added. In the causal-chain-usually condition, the par-
ticipants were told that one value usually causes the other value, so
that 0—0—1—0, for example, does not directly conflict with the
provided background knowledge. As an example, they were told
that the HIV virus usually leads to development of AIDS but it isn’t
always followed by AIDS. In the causal-chain-else condition, the
participants were told, after the causal-chain instructions, that a fea-
ture can be caused by something else. For instance, they were told
that “we know that rain causes the grass to get wet, but it is also
possible that something else, such as a sprinkler may cause the
grass to get wet. Similarly, we know that wet grass causes the grass
to look shiny. At the same time, wet grass causes something else,
such as your shoes to get wet.”

The order in which each dimension is presented within each ex-
emplar was held constant across all five conditions. The specific
order chosen was the one that was most compatible with the causal-
chain structure (i.e., D1, D2, D3, and D4). This order would allow
a conservative test of the present hypothesis, because it gives as
much advantage as possible to the causal-chain condition.

Procedure. The participants received a set of 10 exemplars, each
of which was written on a separate index card. They were told to lay
out the cards in front of them and to read the cards very carefully
while noting the four dimensions in each card. Then, participants in
each condition received the appropriate background knowledge in-
structions. Following these instructions, they were asked to create
two categories. They were told that there could be any number of
exemplars in each group as long as there were two groups. In all
conditions, to emphasize that they did not have to follow the clas-
sification suggested in the given background knowledge, the in-
structions indicated that there would be many ways to classify the
cards and that there was no one correct answer. Furthermore, they
were told that they did not have to have a specific reason for their
categorization. After the sorting task was completed, the partici-
pants recorded their own responses by writing down the card num-
bers on the back of the cards under each category.

Results and Discussion

The data were classified as either FR sorting (creating
two categories corresponding to the two columns in Fig-
ure 2), 1-D sorting (creating two categories on the basis
of a single dimension in such a way that one category has
all four exemplars with the same value of the criteria di-
mension and the other has the rest), or other (sorting that
is neither FR nor 1-D). Table 1 summarizes the results
from all five conditions.

Analysis of the common-cause and common-effect
conditions. FR sorting was created much more frequently
from the common-cause (74.2%) and common-effect
(48.3%) conditions than from the control (15.0%) condi-
tion (Fisher’s exact tests, p < .05 for both comparisons).
These results indicate that when people learn how features
cause or are caused by another dimension, they use this
unifying dimension more than any of the surface dimen-
sions, resulting in the creation of FR structures. Without
this background knowledge, the participants failed to no-
tice the FR structure of exemplars.

The common-cause condition produced more FR sort-
ing than did the common-effect condition [ ¥2(1, N =



60)=4.26, p < .05]. Itis not clear why this difference was
obtained. One possible explanation is the difference in
the plausibility of the two sets of background knowledge
instructions. Hence, in an attempt to equate plausibility,
Experiments 2 and 3 use different stimulus materials and
measure the plausibility of the background information.

Analysis of the causal-chain condition. One of the
highlights of the present study is in the claim that not all
background knowledge is equal. One can argue that the
effect of common-cause and common-effect background
knowledge reported earlier is not surprising, because the
common-cause and common-effect background knowl-
edge listed the prototype values of FR categories and,
therefore, basically gave away information about which
categories to create. However, the causal-chain back-
ground knowledge in Experiment 1 also refers to proto-
type features by accentuating how Os and 2s go together.
Therefore, the causal-chain background knowledge also
gives away prototype information of FR categories and,
hence, which categories to create. However, unlike the
common-cause or the common-effect situations, where
one feature can serve as a basis for a defining dimension
unifying all the surface features, the causal chains, which
lacked such a dimension, did not increase FR sorting. Chi-
square tests for independence indicated that FR sorting
from both types of causal-chain conditions (21.7% and
24.2%) was significantly less than FR sorting from the
common-cause and common-effect conditions ( ps <.01).
Furthermore, Fisher’s exact tests indicate no significant
difference between the two causal-chain conditions and
the control condition (p > .10).

To summarize, when compared with the control condi-
tion, the common-cause and common-effect conditions
increased the amount of FR sorting. In addition, the
causal-chain condition did not increase FR sorting, clearly
demonstrating that not all background knowledge is equal.

Analysis of 1-D sorting. As is shown by the numbers
in brackets in Table 1, under 1-D sorting, D1 was most
likely to be selected to be the basis of 1-D sorting across
all five conditions. Given that there is no reason to expect
that a fictitious dimension nopamine is more important
than dimension deroline and others, these results are most
likely to be due to the order in which the dimensions were
presented to the participants. Since the order was held
constant across all conditions, the above results on FR
sorting cannot be attributed to any possible interaction
effect with the order of dimensions.

EXPERIMENT 2

The purpose of Experiment 2 was to generalize the re-
sults to more meaningful features. In Experiment 1, the
stimulus materials were purposely developed to be as ar-
tificial as possible, in order to prevent any confounds of
prior background knowlfedge. Experiment 2 uses more
meaningful dimensions, while still using exemplars in
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which any existing categories or feature correlation would
be unlikely. As in Experiment 1, three causal structures
were used along with the control condition. Across the
four conditions, identical exemplars were used. In addition,
the plausibility of each set of background knowledge in-
structions was measured, in order to ensure that any dif-
ferential effects of background knowledge were not due
to differences in plausibility.

Method

Participants. Thirty-four undergraduate students at Yale Uni-
versity participated in this experiment in partial fulfillment of in-
troduction to psychology course requirements.

Materials. The abstract structure of the exemplars was the same
as that in Experiment 1 (see Figure 2). Four sets of stimulus mate-
rials and their stimulus dimensions were used. Three of them are
shown in the Appendix, and one is shown below. For instance, in the
building stimulus, there were four dimensions with three values each,
as are shown in the parentheses: floor type (straw-mat, concrete,
wood), wall (nonreinforced, reinforced, half-reinforced), number
of windows (10, 6, 3), and door size (large, medium, small). Within
each dimension, the first value corresponds to 0 in Figure 2, the
second value corresponds to 1, and the third value corresponds to
2. Figure 5 shows the 10 exemplars that the participants received for
the house stimulus as instantiations of the set in Figure 2.

In the common-cause condition, the participants received back-
ground knowledge on how each set of prototype values could be
caused by the same factor (e.g., private purpose or public purpose)
as follows:

If a house is designed for a private purpose, the builders use straw-mat
for soft flooring.

If a house is designed for a private purpose, the builders use nonrein-
forced walls so the owner has the flexibility to remodel.

If a house is designed for a private purpose, the builders install only a
few windows to ensure privacy.

If a house is designed for a private purpose, the builders use small doors
because not many people go in and out of the house.

If a house is designed for a public purpose, the builders use concrete for
durable flooring.

If a house is designed for a public purpose, the builders use reinforced
walls to maximize the weight capacity of the house.

If a house is designed for a public purpose, the builders install many
windows to create a sense of openness.

If a house is designed for a public purpose, the builders use large doors
to account for the heavy flow of people in and out of the house.

In the common-effect condition, the participants received back-
ground knowledge, explained how each set of prototype values
could cause the same factors (private use or public use) as follows:

Using softer straw-mat for floor materials of a house allows the house

to be used for a private purpose.

Using flexible, nonreinforced walls allows the house to be used for a

private purpose with many options for remodeling.

Having a small number of windows allows the house to be private.

Using a small door allows the house to be private.

Using durable concrete floors in a house allows the house to be used for

a public purpose.

Using reinforced walls allows the house to withstand heavy usage and

hence to be used for a public purpose.

Having many windows causes openness and hence allows the house to

be used for a public purpose.

Having large doors allows the house to be used for a public purpose and

to accommodate heavy traffic.
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floor type concrete floor type straw-mat

wall reinforced wall non-reinforced
# of windows 10 # of windows 3

door size large door size small

floor type concrete floor type straw-mat

wall reinforced wall non-reinforced
# of windows 10 # of windows 3

door size small door size Medium

floor type concrete floor type straw-mat

wall reinforced wall non-reinforced
# of windows 6 # of windows 10

door size large door size small

floor type concrete floor type straw-mat

wall non-reinforced wall half-reinforced
# of windows 10 # of windows 3

door size large door size small

floor type wood floor type concrete

wall reinforced wall non-reinforced
# of windows 10 # of windows 3

door size large door size small

Figure 5. Exemplars used in Experiment 2.

Finally, in the causal-chain condition, the participants were told
that the prototype values in each set form a single causal chain as
follows:

Using straw-matted floors causes the builders to use nonreinforced
walls because straw-matted floors cannot support heavy walls.

Using nonreinforced walls forces builders to add only a small number
of windows because nonreinforced walls cannot support many win-
dows.

Having a small number of windows forces builders to use small doors
to fit with the overall proportion.

Using concrete floors allows the builders to use reinforced walls be-
cause concrete floors can support reinforced walls.

Using reinforced walls allows the builders to add many windows be-
cause reinforced walls can support many windows.

Having many windows forces builders to use large doors to fit with the
overall proportion.

In the control condition, no background information was pro-
vided.

Then, for each participant, a booklet containing four problems was
prepared. A Latin-square design was used to select one of each set of
content material and one of each background knowledge condition.
For instance, one participant received the house materials in the con-
trol condition, the reptile disease materials in the common-cause con-
dition, the plant materials in the common-effect condition, and the
tribe materials in the causal-chain condition. The order of the four
tasks within each booklet was randomized. As in Experiment 1, the
order in which each dimension was presented within each exemplar

was held constant across all four conditions (i.e., D1, D2, D3, and
D4), so that it would be most compatible with the causal-chain struc-
ture, providing a conservative test of the present hypothesis.

Design and Procedure. The procedure was identical to that in
Experiment 1, except that the participants performed four sorting
tasks, and after creating the categories, they rated, on a 7-point scale
(1 for very implausible and 7 for very plausible), the plausibility of
the background knowledge they had received (i.e., the causal rela-
tions among the features). The plausibility ratings did not vary
across the common-cause (M = 5.24, SD = 1.23), the common-effect
(M =5.06, SD = 1.66), and the causal-chain (M = 5.25, SD = 1.30)
conditions (p > .30), and they were all significantly higher than
the midpoint of the scale (i.e., 4; p < .001), indicating that all three
types of background knowledge were reasonably plausible.6 The
mean plausibility ratings and the standard deviation for each content
material are provided in the Appendix.

Results and Discussion

The scoring criterion was the same as that in Experi-
ment 1. The percentages of sorting type for each condition
are summarized in Table 2.

As in Experiment 1, the common-cause (55.9%) and
the common-effect (64.7%) conditions encouraged FR
sorting, as compared with the control (35.3%) and the
causal-chain (14.7%) conditions. Because Experiment 2
was a within-subjects design, McNemar’s test (McNemar,



Table 2
Results of Experiment 2: Amount of Family Resemblance
(FR), Unidimensional (1-D), and Other Types of
Sorting From Each Background Knowledge Condition

Type of Sorting
Background FR 1-D Other
Knowledge N % N % N %
Common cause 19 559 9 26.5 6 17.7
[2,3,3,1]
Common effect 22 64.7 8 23.5 4 11.8
[7,0,1,0]
Causal chain 5 14.7 16 47.1 13 38.2
[6,7,0,3]
Control 12 353 18 52.9 4 11.8
[7,5,3,3]

Note—Numbers in brackets indicate the number of participants who
selected D1, D2, D3, or D4 as a basis of their 1-D sorting, respectively.

1947) was used to examine FR sorting. The amount of
FR sorting was reliably greater in the common-cause and
common-effect conditions than in the causal-chain con-
dition [ ¥2(1, N=34)=12.3,p < .001, and y2(1,N=34)=
13.8, p < .001, respectively], and also reliably greater
than in the control condition [ y2(1, N = 34) = 5.44, p<
.05,and y2(1,N=34)=8.33,p < .01, respectively]. There
was no reliable difference between the common-cause
and the common-effect conditions with respect to FR sort-
ing (p > .10). Finally, there was no reliable difference be-
tween the causal chain condition and the control condition
(p > .10).

In order to ensure that the effect was not due to partic-
ular content materials, the amount of FR sorting was fur-
ther broken down by content material and is reported in
Table 3. The common-cause condition led to more FR
sorting than did the causal-chain and control conditions in
three out of four content materials. (When the common-
cause condition was worse, the difference was less than
10%.) The common-effect condition led to more FR sort-
ing than did the causal-chain and control conditions in
all four content materials.

Because Experiment 2 used a within-subjects design,
order effects might be an issue of concern. However, when
only the data from the first trial were examined, the main
pattern of results was still obtained, with the common-
cause and common-effect conditions producing more FR
sorting than did the causal-chain and control conditions.
In addition, Experiment 3 used a between-subjects design
to further address this concern.

Another set of analyses was conducted to examine dif-
ferences in 1-D sorting. According to the McNemar’s test,
both the common-cause and the common-effect condi-
tions led to less 1-D sorting than did the causal-chain con-
dition [¥?(1, N=34)=3.77, p= .06, and y2(1,N=34)=
4.00, p < .05, respectively] and also less than did the con-
trol condition [ 2(1, N=34)=6.23, p < .01, and x2(1,
N=34)=7.14, p < .01, respectively]. There was no dif-
ference between the common-cause and the common-
effect conditions [ y2(1, N=34)=0.1 1,p > .10].
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To summarize, Experiment 2 replicated Experiment 1,
using more meaningful features. FR sorting was more
prevalent in the common-cause and common-effect con-
ditions than in the causal-chain and control conditions.

EXPERIMENT 3

So far, Experiments 1 and 2 failed to provide evidence
that people utilize causal-chain background knowledge.
Experiment 3 tests whether people rely on causal-chain
background knowledge under different circumstances. It
could be that people are willing to utilize the causal-chain
background knowledge, but instead of creating FR cate-
gories, they might prefer to create two categories on the
basis of the most fundamental cause in the causal chain.
However, this strategy might have been difficult to apply,
because the exemplar structures used in Experiments 1
and 2 (Figure 2) contained three values in each dimension,
including the dimension serving as the most fundamen-
tal cause, and the task was to create only two categories.
Hence, it is important to examine the causal-chain condi-
tion when there are binary values on each dimension and
to test whether this would encourage the use of causal-
chain knowledge. That is, although causal-chain back-
ground knowledge might not encourage FR sorting, it
might have another effect on category construction—
namely, encouraging 1-D sorting on the basis of the most
fundamental cause.

Method

As in Experiment 2, there were four conditions varying in back-
ground knowledge. All four sets of content materials in Experi-
ment 2 were used, except that the exemplar structure was the set in
Figure 1. Each participant carried out only one sorting task per back-
ground knowledge condition. Thirty-nine undergraduate students at
Yale University participated in this experiment, in partial fulfillment
of introduction to psychology course requirements. There were 7
participants in the common-cause condition, 8 in the common-
effect condition, 12 in the causal-chain condition, and 12 in the con-
trol condition. There were more participants in the causal-chain and
control conditions because they were the focus of Experiment 3.

Results and Discussion
The scoring criteria were the same as those in Exper-
iment 1. The percentages of sorting type for each condition

Table 3
Amount of Family Resemblance (FR) Sorting
in Experiment 2 for Each Content Material

Content Materials
Background Reptile Disease  Tribe Plant Building
Knowledge N % N % N % N %

Commoncause 7/9 778 3/8 375 6/10 60.0 3/7 429
Commoneffect 6/7 857 59 556 3/8 375 810 80.0
Causal chain 010 0 377 429 19 11.1 1/8 125
Control 0/8 0 510 500 2/7 286 59 556

Note—The numbers indicate the number of participants who created
FR categories out of the total number of participants who received the
corresponding content material for a given condition.
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Table 4
Results of Experiment 3: Amount of Family Resemblance
(FR), Unidimensional (1-D), and Other Types of
Sorting From Each Background Knowledge Condition

Type of Sorting
Type of FR 1-D Other
Background Knowledge N % N % N %
Common cause 4 571 3 429 0 0.0
Common effect 3 375 3 375 0 2 250
Causal chain 0 0.0 8 47.1 4 382
Control 0 0.0 11 52.9 1 11.8

are summarized in Table 4. Even with different exemplar
structures, FR sorting was created more frequently from
the common-cause (57.1%) and common-effect (37.5%)
conditions than from the control and causal-chain condi-
tions (0% for both conditions; Fisher’s exact tests, ps <
.05). The difference between the common-cause and the
common-effect conditions in creating FR categories was
not statistically significant [ y2(1, N=15)=0.58, p = .45].

Among those who created 1-D categories, the basis of
their sorting was examined. Five out of 12 participants in
the causal-chain condition selected the first dimension
(i.e., the most fundamental cause in the causal-chain
condition) as a basis for 1-D sorting. Likewise, 7 out of
12 participants in the control condition selected the same
dimension as a basis for 1-D sorting. Hence, this dimen-
sion was chosen as a 1-D sorting basis equally often, re-
gardless of whether the background knowledge indicated
it to be the most fundamental cause in a chain. Again, as
was explained in Experiment 1, the reason D1 was se-
lected most frequently was presumably because it was the
dimension presented first in each exemplar. Present re-
sults show that this preference for the first dimension
mentioned did not increase any further, given the causal-
chain background knowledge.

In addition, the overall FR sorting from the common-
cause and common-effect conditions is somewhat less
than that in Experiment 2, which used identical content
materials and instructions. This result seems to be due to

D1 D2 D3 D4
El 0 0 0 0
E2 0 0 1 1
E3 0 1 1 0
E4 1 1 0 0

E5 1 0 0 1

the differences in exemplar structure. As is shown in Fig-
ure 1, all the exemplars used in Experiment 3, except for
the prototypes, contained a value in the contrasting cate-
gory, whereas fewer than half of the exemplars used in Ex-
periment 2 (Figure 2) contained a value in the contrast-
ing category (i.e., E3, E5, E7, and E9). It has been shown
that the overall amount of FR sorting is a function of the
amount of this kind of crossed-over features (Ahn &
Medin, 1992).

In sum, Experiment 3 replicated the advantage of the
common-cause and common-effect background knowl-
edge over the causal-chain background knowledge and
also demonstrated the lack of FR sorting, given causal-
chain background knowledge with exemplars that have
binary values.

EXPERIMENT 4

Across three experiments, the causal-chain condition
produced sorting no different from that for the control
condition (no background knowledge). Experiment 4
provides a final test for the causal-chain condition with a
different exemplar structure. Previous exemplars in Ex-
periments 1, 2, and 3 have so-called crossed-over features,
in that features that are characteristic of one category are
crossed over to the opposite category. For instance, in
Figure 2, the 0 value is characteristic of a category on the
left column, but it also occurs in the contrasting category.
Spalding and Murphy (1996) suggested that crossed-
over features could discourage people from applying
causal-chain background knowledge, because they cause
contradictions. Referring to the sets in Figures 1 and 2,
they stated that such a design with crossed-over features
(or the so-called characteristic design) “leads to a real
problem when the features are related by prior knowl-
edge. The characteristic design would lead to examples
like the following: A bird that flies, builds nests in trees,
perches on power lines, and does not have wings” (p. 533).
In Experiment 4, it is examined whether the causal-chain
condition still fails to lead to FR sorting even when
crossed-over features are not used and there cannot be

D1 D2 D3 D4
E6 2
E7 2 2 1 1
E8 2

NN

E9 1 1 2
E10 1 2 2 1

Figure 6. Exemplar structure used in Experiment 4.



